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PREFACE 
 
The reports in this special series are the result of a multi-country research activities conducted 
under the GEF funded project: Climate Change Impacts on and Adaptation of Agro-
ecological Systems in Africa. The main goal of the project was to develop multipliable 
analytical methods and procedures to assess quantitatively how climate affects current 
agricultural systems in Africa, predict how these systems may be affected in the future by 
climate change under various global warming scenarios, and suggest what role adaptation 
could play. The project has been implemented in 11 countries: Burkina Faso, Cameroon, 
Ghana, Niger and Senegal in west Africa; Egypt in north Africa; Ethiopia and Kenya in east 
Africa and South Africa, Zambia, and Zimbabwe in southern Africa. The study countries 
covered all key agro-climatic zones and farming systems in Africa. This is the first analysis 
of climate impacts and adaptation in the Africa continent of such scale and the first in the 
world to combine cross-country, spatially referenced survey and climatic data for conducting 
this type of analysis. 
 
The analyses reported in this series focus mainly on quantitative assessment of the economic 
impacts of climate change on agriculture and the farming communities in Africa, based on 
both the cross-sectional (Ricardian) method and crop response simulation modeling. The 
cross sectional analysis also allowed for assessing the possible role of adaptation. Moreover, 
the project employed river-basin hydrology modeling to generate additional climate attributes 
for the impact assessment and climate scenario analyses such as surface runoff and 
streamflow for all districts in the study countries. 
 
The Centre for Environmental Economics and policy in Africa (CEEPA) of the University of 
Pretoria coordinated all project activities in close collaboration with many agencies in the 
involved countries, the Agriculture and Rural Development (ARD) Department of the World 
Bank, the World Bank Institute (WBI), the Food and Agriculture Organization (FAO), Yale 
University, the University of Colorado, and the International Water Management Institute 
(IWMI). The project received supplemental funding from TFESSD, Finnish TF, NOAA-
OPG, and CEEPA. We are grateful for the invaluable contributions of all these institutions 
and all individuals involved in this project. All opinions presented in this report series and 
any errors in it are those of the authors and do not represent the opinion of any of the above 
listed agencies. 
 
 
Rashid Hassan, Project Leader   Ar iel Dinar , Project Manager  
CEEPA, University of Pretor ia   ARD, Wor ld Bank
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EXECUTIVE SUMMARY 

Cameroon can be classified into four zones differentiated by geography, climate and 
vegetation: the Sudano-Sahelian, the savanna, the coastal, and the tropical forest. The 
country’s two rainfall regimes (unimodal and bimodal) show a gradual reduction in amount 
from the coastal region in the south to the Chad plain in the north. Besides rainfall, the 
country has considerable water resources. In the well-watered southern region, which has 
metamorphic and igneous rocks, these are mostly surface water, while in the semi-arid less 
watered northern lowlands they are mostly groundwater, owing to the permeability of the 
sedimentary rocks. Streams do exist here but their flow is impermanent given the prolonged 
dry season period of this region, especially the Yaéres of the Logone-Shari plain, which is 
part of the Chad basin. Cameroon’s major catchment areas and river courses have been 
modified significantly through land use intensification and the construction of dams. Such 
transformations have disrupted the regular flow pattern of most rivers in this part of the 
country and this has equally affected other human activities. 

The diversity of ecological zones in Cameroon affects agricultural output in two ways. In the 
well watered southern regions, production flourishes, but in the progressively more arid north 
where the potential evapotranspiration is high, it is adversely affected. Farming in the 
Sudano-Sahelian zone of Cameroon depends largely on the amount of rainfall. The shifting of 
the climatic belts southward is likely to affect hydrological processes such as 
evapotranspiration, runoff, infiltration, percolation and groundwater flow. An increase in 
temperatures is likely to increase the rate of evapotranspiration. This may lead to a fall in the 
amount of rainfall, with a corresponding reduction in runoff. A 2oC decrease in temperature 
would result in a 21% decrease in the annual runoff. Rivers such as the Mayo Tsanaga and 
the Mayo Sara would cease to flow completely. This would lead to a reduction in the volume 
of runoff in the River Benue together with the Logone flowing into Lake Chad. There would 
be a corresponding drop in the level of Lake Chad. This lake is likely to become almost non-
existent by 2060. 



 6 

1. Introduction: The ecological zones of Cameroon 

Cameroon can be grouped into ten major ecological regions. These are classified under four 
regional units which are differentiated by their geography, climate and vegetation 
characteristics (Figure 1): 

i) The Sudano-Sahelian zone 

·  Mandara mountains 

·  Plains of Far North Province (Diamaré plains,Valley of the Logone-Chari) 

·  Benue valley 

 ii) The savanna zone  

·  Adamawa highland savanna 

·  Tikar plain 

·  Highland plateaus of the West and Northwest Provinces 

·  Lowland savanna of the Centre and East Provinces 

 iii) The coastal and maritime zone 

·  Maritime coast 

 iv) The tropical forest zone 

·  Degraded forest of the Centre and Littoral Provinces  

·  Tropical rainforest of the Southwest and East Provinces 

 

The Sudano-Sahelian zone 

The Sudano-Sahelian zone is made up of the Mandara mountains, the Far North plains and 
the Benue valley. It consists of degraded shrubby steppes on sandy clay soils, periodically 
grassy flood plains (the Yaéres) which serve as second season grazing land for cattle farmers, 
and the Sudano-Sahelian woodland savanna. National parks and savanna woodlands cover 
9% of the area, with great wildlife resources concentrated in the national parks, and 23% is 
arable land, half of which is under cultivation. Rainfall ranges from 800 to 900mm annually, 
arriving within the months of July to October, while the remaining eight months are dry. 
There is a dense hydrographic network made up of ‘mayos’  or seasonal rivers and permanent 
rivers which crisscross the zone.  

This zone is threatened by desertification, a process evident in the shortage of water and poor 
savanna scrub. This is the result of the consistently low rainfall, compounded by its uneven 
spatial and temporal distribution, and the land degradation from man’s unsustainable use – 
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high population pressure, (320/km2 in the Mandara mountains), poor management, soil 
degradation, and the unsustainable management of protected areas. Soil degradation stems 
from the depletion of vegetation cover, ill-adapted pastoral activities, and the irrational use of 
water resources. The exploitation of dams in the area does not take into consideration the 
needs of other users, and the choice of site and type of dam does not provide for the full 
development of water resources so vital to this region. 

The savanna zone 

This zone is dominated by the tree and bush savanna found in the regions of Bamenda, 
Nkambe, Noun and the highland plateaus of Adamawa and other grassland savannas. It has a 
tropical climate characterized by two seasons in the highland savanna of Centre and East 
Provinces. Rainfall varies between 1700 and 3000mm annually. The various types of savanna 
here are suitable for both agro-pastoral and forestry activities. Forest and savanna woodlands 
cover over 53% of the surface area. This ecological zone is noted for a gradual degradation of 
the agro-sylvo-pastoral resources because of irrational exploitation. 

The coastal and maritime zone 

Spread over 9671km along the Gulf of Guinea, this zone is characterized by a high 
population density of 132.6/km2 and the development of industrial, agricultural and port 
activities. Of the 53% of the arable land under cultivation, 62% consists of industrial estates 
of oil palm, rubber, tea, bananas, etc. This coastal zone is the economic nerve center of 
Cameroon. Apart from the agro-industrial establishments, some of the most important urban 
centers are located in this zone. National parks account for about 30% of the surface area of 
this region. 

The coastal vegetation consists of mangroves and tropical rain forest. The main problem of 
this maritime zone is the progressive degradation of the marine and coastal ecosystems, 
caused by the over-exploitation of its fishery resources, coastal erosion and industrial 
pollution. The cutting down of the mangroves for various uses exposes the coastline to 
erosion. Chaotic sand exploitation is another problem. This zone has witnessed rapid 
urbanization, uncontrolled industrialization, port and maritime activities, and the exploitation 
of petrol and unlawful discharge of toxic wastes expose this zone to pollution.  

The tropical forest zone 

The tropical rain forest covers a huge area of nearly 182,000 km2. It has an equatorial climate 
with four seasons, with rainfall between 2000 and 4000mm/year and a dense hydrographic 
network. About 76% of this zone is covered by forests. There is chaotic and an unsustainable 
exploitation of its forest resources.  

 

2. Major  climatic types 

Cameroon, often described as ‘Africa in miniature’ , is located between latitudes 2oN and 
13oN (Figure 2). Consequently, it has a wide range of climatic types, from the wet southern 
regions near the equator to the dry northern ones around the Lake Chad basin. It is crossed 
diagonally by the Cameroon Volcanic Line (an unbroken chain of volcanic hills). Some of 
the climatic types are modified by the effect of altitude and distance from the Atlantic Ocean. 



 8 

There are two main climatic types, the equatorial and the tropical, which are divided into the 
following sub-types.  

Guinea equatorial 

Covering nearly one-third of Cameroon, this climatic type is found in the southern part of the 
country, much of which belongs to the southern plateau. Part of it extends to the southern 
limit of the Adamawa Province. This climatic type, like its equatorial counterparts, has 
rainfall all year round and is noted for its double maxima, as shown by the rainfall histograms 
for Yaounde (Cameroon’s Capital City) and Lomié on the southern plateau. The annual 
rainfall for this equatorial zone ranges from 1500 to 2000mm (Figure 3). The average annual 
temperatures are about 25oC while the range of temperature is generally less than 2.5oC. The 
year-round rainfall coupled with the high temperatures means the relative humidity is also 
high. 

Equatorial monsoon 

This climatic type extends from the coast around Kribi and covers part of the western high 
plateau. The annual rainfall ranges from 2000 to 10,000mm, being especially high where 
Cameroon’s volcanic massif comes close to the coast. Debundscha with nearly 10,000mm per 
year is the second rainiest place on the earth after Chirapunji in India. In this type, the 
nearness to the coast and the effect of the altitude on the south west monsoon is responsible 
for the heavy annual rainfall.  

The amount of rainfall decreases from the coastal areas towards the interior highlands, as 
shown by the data for Limbe (4000mm), Dschang (3000mm) and Bamenda (2000mm) in the 
Northwest Province. The highest rainfall comes between July and September with amounts 
ranging from 400 to 500mm. The relatively high rainfall amounts can be attributed to the 
effect of the mountainous relief that characterizes much of the western highlands of 
Cameroon. The distance from the sea and the strength of the monsoon winds are other factors 
that influence the amounts of annual rainfall. The wettest months for Douala are June, July 
and August with values of about 4000mm per year. The monthly rainfall declines from about 
400mm in the wet season to about 100mm. The average annual temperature for this high 
altitude climatic type is about 21oC, with a mean range of 2.2oC. For Douala, which is on the 
low-lying coast, the annual average temperatures climb to 25.5oC. 

Tropical humid  

As rainfall decreases northwards the lowland and highland equatorial climate gives way to 
the tropical humid type (Sudan climate). This extends from the southern regions to the 
900mm isohyet in the northern regions. The main characteristic of this climatic type is shown 
in the histogram for Garoua and Maroua (Figure 4). Rainfall is spread over about four or five 
months only, while the other months are dry. The vegetation types reflect the rainfall 
distribution. 

Sudano-Sahelian 

This is the northernmost climatic type, extending from Maroua to the Lake Chad basin. It is 
characterized by a short rainy season and a marked dry season. Here, the rainfall amounts 
range from 900mm around Maroua to 500mm around Kousseri, and 400mm around the 
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shores of Lake Chad (Figures 3 and 4). The mean annual temperatures are similar to those of 
the Sudan type (28oc) but the annual range is relatively high (7.7oc) in comparison.  

 

3. Rainfall  

3.1 Rainfall regimes 

Cameroon’s rainfall decreases gradually from the south (the coastal region and the southern 
plateau) to the north (the Adamawa plateau and the Chad plain). There are two clear seasons: 
the dry season from November to March and the rainy season from April to October.  

On the whole, Cameroon records low rainfall during the dry season. In January, for example, 
on the southern plateau it varies from 10 to 30mm per month. Stations at the northern edge of 
the southern plateau, however, such as Yoko, Meiganga and Koundja, receive 4.1mm, 3.9mm 
and 4.7mm per month, respectively. From the Adamawa plateau to the northern plain, rainfall 
is scanty because of the Saharan anticyclone and the very dry continental trade winds that 
blow as far south as 5oN. From February, there is an increase in rainfall at the coastal weather 
stations of Douala and Kribi, (64 and 105mm per month) respectively, and on the southern 
plateau the figures are higher than 30mm. South of 6oN latitude, the amount of rainfall 
increases.  

There is a tendency towards an increase in rainfall from February onwards in all parts of 
Cameroon except the northern provinces. The influence of the monsoon, which brings the 
rain, is felt over the whole country. The weather stations at the coast and on the plateaus 
record rainfall figures higher than 100mm per month. The southern flank of the Adamawa 
plateau acts like a shield that prevents the progress of the Atlantic air masses towards the 
north, forcing the Intertropical Convergence Zone (ITCZ) towards the Bamileke plateau.  

By May, the monthly 100mm isoyhet reaches the northern part of the country. Southern 
Cameroon at this time has a zone of high rainfall of 150mm to 250mm in some areas. In June, 
the monsoon winds push the continental trade winds towards the north deep into the country. 
The rainfall amounts recorded are indicative of the strength of the monsoon and its water 
content. In the north of the Adamawa Plateau, Maroua and Kaele have 104mm and 112mm 
respectively. This increase in rainfall in the north between March and June is due to the 
migration of the meteorological equator towards the north, linked to the strengthening and 
spreading out of the monsoon winds. From July to August, a short dry season occurs on the 
southern plateau. However, because the meteorological equator shifts towards the north, the 
weather stations of Banyo and Bamenda receive very high rainfall of 288 and 416mm 
respectively. In August, there is regular increase in rainfall in the coastal zone and the 
western edge of the southern plateau, with Yokadouma recording 166mm and Yaounde 
93mm. The strong convection cells located in the Adamawa give the Ngoundere and Poli 
stations their rainfall maxima. 

 

3.2. Rainfall variability  

The mean annual rainfall in the Sudano-Sahelian zone ranges from 600 to 1000mm. There 
are six or seven dry months with a rainfall of less than 500mm. Climatic variations of a short-
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term nature are superimposed on the longer period climatic fluctuations of the Quaternary. 
These have affected the history of plant communities in this sensitive part of Cameroon 
which is at the southern fringes of the Sahara Desert.  

Variations in rainfall from year to year and sporadic floods and droughts are significant. The 
variability decreases southwards, westwards and altitudinally, as shown in Table 1. A 
comparison of the years with the highest and lowest rainfalls shows a marked variability 
(Table 2). The years with extreme rainfall have a tendency to cluster, thereby indicating 
extreme dry and wet periods (Beauvilain 1985). A general drought was experienced in 1981–
1982. It started in Yagoua and Doukoula in 1970, Mayo Oulde in 1969, Mora in 1966, Poli in 
1975 and Garoua in 1972. The droughts after 1979 were more severe than those of the 1960s 
and early 1970s. There is visible evidence of the effects of these droughts: 

·  Lake Chad is rapidly shrinking and its shores are drying up. 

·  Lake Fianga dried up completely in December 1984. 

·  There was extensive and intense drying up of vegetation and scarcity of natural 
pastures in December of 1984. 

·  Total crop failure in January of 1984 necessitated the distribution of food relief aid.  

·  A central thermal electricity plant had to be installed in Garoua to compensate for the 
drop in electricity production at the Ladgo hydro-electric power plant. 

 

4. The climatic tr igger  

Some decades ago, some scholars took the 1968–1972 drought in the Sahel as an indication 
of a long-term trend towards greater aridity in the arid and semi-arid zones of West Africa. 
The Sahara, it was said, was spreading southwards because the various rainfall belts were 
moving south. The drought problem did not come to the forefront because it did not produce 
the same human suffering as in 1972–1973 and 1982–1984 period. However, the drought is 
not the direct cause of the suffering; a crisis arises when the land has been overcultivated and 
overgrazed to the point where there is nothing to fall back on when rains fail. When rainfall 
returns to more ‘normal’  levels, as it did in 1974 and in 1986, there is a natural tendency to 
intensify farming again. Agro-climatologists who are familiar with these arid lands in 
Cameroon agree that rainfall has decreased over the past 20 years. But the scarcity of climatic 
data, however, makes it difficult to ascertain whether the observed decrease in rainfall is 
more than a natural long-term persistent dry spell or oscillation. 

The rainfall variability ranges from 73% to 195% in this Sudano-Sahelian zone (Table 1). 
This degree of variability clearly indicates the precarious and unpredictable climate and its 
possible use for agriculture. Large variability holds a bleak prospect for sustainable 
agricultural occupation. And for the peasant population agriculture is the main source of 
livelihood. 
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5. Water  resources in the country 

Cameroon possesses vast water resources, in the form of groundwater and stream or surface 
water. In the well watered southern region (see Figure 1), which has metamorphic and 
igneous rocks, the resources are mostly surface water, while in the semi-arid less watered 
northern lowlands they are mostly groundwater, owing to the permeability of the sedimentary 
rocks. Streams do exist here but their flow is impermanent given the prolonged dry season 
period of this region, especially the Yaéres of the Logone-Shari plain which is part of the 
Chad basin. To use water resources effectively, knowledge of the source of stream flow as 
well as the impact of human activities on the pattern of flow is indispensable. 

 

5.1 Catchment areas and river basins 

There are two major and two minor catchment areas. These two major ones are the Adamawa 
high plateau and the western highlands, which are collectively referred to as the Cameroon 
Volcanic Line. The volcanic watershed cuts across the country almost diagonally and 
provides the drainage divide between the two major river systems of Central and West 
Africa. Water is led out of this huge drainage divide through tectonic depressions such as the 
Mbo, Ndop and Tikar Plains and the Mbere graben (an usually elongated depression between 
geologic faults) through which flows the River Mbere, a tributary of the Logone. The two 
minor catchment areas are mainly feeders to major rivers radiating from the Adamawa high 
plateau and the western highlands. These are the Mandara mountains in the Far North feeding 
the Chad and the Benue basins and the Guimbisi mountains to the east of Abong Mbang on 
the southern plateau, a radial type drainage pattern from which flow the headwaters of the 
rivers Ngoko and Nyong. 

 

5.2 Drainage basins 

There are four drainage basins, the Atlantic, the Congo, the Benue and the Chad, all fed by 
rivers from at least two catchment areas (Figure 5). Since the cardinal objective of this project 
is to study the impact of climate change, emphasis will be placed on the Benue and the Chad 
basins and to a limited extent the northern part of the western highlands where there is 
relatively greater variability in rainfall and stream flow. 

The Atlantic basin is dominated by the Sanaga river system which covers almost the entire 
length of the southern plateau, especially the region to the north of latitude 4oN. The major 
tributaries of the Sanaga river system are the Lom, Djerem, Mbam and Noun. Other major 
rivers within the Atlantic basin are the Ntem, Nyong, Wouri and Mungo. The major rivers 
from Cameroon which flow into the River Congo are the Sanaga and Ngoko, with tributaries 
almost entirely from the southern low plateau. The flow pattern of these rivers is more regular 
because the distribution of rainfall is more uniform all year round. For this reason, the 
Atlantic and Congo basins are not relevant to this project on climate change.  
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5.3 The Benue basin 

This river basin is fed by tributaries from three catchment areas: the western highlands, the 
Adamawa highlands and the Mandara mountains. These streams flow into the River Benue 
before joining the Niger at Lokoja in Nigeria. The River Benue with an entire length of 
1400km has only 350km within the Cameroon territory (Neba 1999). It rises from the central 
northern slopes of the Adamawa. The tributaries which originate from the eastern sector are 
the Mayo Rey and Mayo Godi. From the central region is the Mayo Farda from the Poli 
mountains. The Faro, Mayo Njal and Mayo Deo, which form the western arm of the 
tributaries of the Benue, all converge to join the Benue at the exit point into Nigeria. In the 
western highlands, the tributaries of the Benue rise from the Bamenda highlands, the northern 
part of this catchment area. The headwaters of this region are tributaries of the Mentchum and 
Donga rivers, which flow to join the Benue in Nigeria. The Lefo, Oku, Ijem and Ndu 
mountainous chain forms the major dividing line between the headwaters of the Benue and 
the Sanaga. The main tributary from the Mandara mountains is the Mayo Louti. To the south 
of the Diamare plain is the Mayo Kebi and its tributaries flow through the Republic of Chad 
before meeting with Mayo Kebbi. 

 

5.4 The Chad basin 

The Lake Chad river basin is fed from Cameroon by tributaries from the Adamawa high 
plateau and the Mandara mountains. The Longone, which is the main river flowing into lake 
Chad, receives its two main tributaries, the Mbere and the Vina, from the northeastern slopes 
of the Adamawa and the Mayo Tsanaga from the Mandara mountains. This basin is also 
called the Logone basin and it is the smallest of all the drainage basins. Part of the Logone 
empties its waters into the Benue. In the rainy season the Logone overflows its banks, 
causing the floods that characterize the Yaéres plain. This basin receives a huge volume of 
water annually from the wet tropical highlands in central Cameroon and the Adamawa, and 
this causes river banks to overflow onto the broad alluvial plains in the Logone-Chari River 
system. It is estimated that this basin receives about 45 billion m3 of runoff from this southern 
tropical source. 

 

6. River  regimes of the nor thern region 

The northern region stretching from the Adamawa high plateau in the south to the Chad basin 
in the north falls within the tropical continental climatic zone characterized by two seasons, 
the wet and the dry. The length of the rainy season decreases from about seven months in the 
Adamawa to three around Lake Chad. The pattern of seasonal flow of rivers in this region 
reflects the influence of climate, with peak flows in the heart of the rainy season and the 
lowest flows during the dry season, especially towards the end. The period of low water flow 
increases northwards away from the Adamawa, while that of peak or high flow decreases. 
This situation in the dry season is explained by increased evaporation from an increase in the 
amount of sunshine as a result of cloudless skies during this period. 

The river regimes in the Adamawa represent a transition from the purely equatorial in the 
south to the purely tropical in the north. The regime in the southern part is well articulated by 
the Vina at Lahore where discharge during peak flow is 89 L/s/km2 and during the period of 
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low flow drops to 1.41 L/s/km2. However, the average is 23 l/s/km2. In the central portion of 
the Adamawa, where the period of peak water flow is September-October, Meneg at Tibati 
has a mean discharge of 24L/s/km2 with a peak of 1101 and a low of 0.47 L/s/km2. The 
extremely high discharge during the rainy season equally reflects the influence of altitude. 

Further north, with a pure tropical climate and a reducing mean annual rainfall, the period a 
low water flow increases. It runs from December to June with an April discharge of 0.03 
L/s/km2 for the Benue at Garoua and a peak of 30–50 L/s/km2 in the months of August and 
September. 

The Mayo Tsanaga in the northern tropical Sahelian climatic regime of low mean annual 
rainfall (700–800mm) has a much longer period of no flow for about nine months, during 
which time the river is dry. The river at Maroua has a mean discharge of 7m3/s with a peak 
flow of 45m3/s.  

 

6.1 Human influences 

The major catchment areas as well as the river courses have been modified significantly. This 
modification has come from land use intensification and the construction of dams along river 
courses. Such transformations have disrupted the regular pattern of flow of most rivers in this 
part of the country and this has equally affected other human activities. 

 

6.2 Modification of catchment areas through land use intensification 

The Western highlands and the Mandara mountains have all been modified over time through 
land uses such as deforestation for various purposes, overgrazing, reforestation and 
urbanization. The impact of forest clearance on hydrological processes has been 
controversial. Whereas some argue that deforestation is likely to contribute to enhanced 
runoff and consequently stream discharge, others claim it would lead to a fall in discharge. 
Whatever the case, everything depends on the depth of rooting of the plants. In situations 
where deforestation entails cutting down of deep-rooted trees, discharge will be increased as 
this is followed by more runoff and reduced deep percolation of water channeled by the long 
roots. In the western highlands of Cameroon, massive deforestation on the Bamenda 
highlands for agricultural purposes has contributed to increasing seasonality of streams. This 
is because forest clearance has reduced infiltration and consequently the recharge of 
groundwater. Delayed recharge of groundwater has widened the flow gap between low and 
high waters of streams. Closely linked to this is the element of grazing, especially in the cattle 
grazing area of the Adamawa which is the main watershed of Cameroon. Most water points 
for cattle have disappeared over the years and the streams have become highly seasonal 
because of increased evaporation. The trampling effect of grazing animals makes the soil less 
porous, and thus less able to absorb water, especially during rainy season (Lambi 2001). This 
means that the groundwater does not get sufficiently recharged, and so there are fewer 
springs. A strong indication of this situation is the fact that most springs which have been 
observed flow erratically and are not permanent. 

Reforestation using eucalyptus is the most important factor affecting the flow of the 
headwaters of major rivers. Spring areas which are colonized by eucalyptus have lost about 
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85% of their discharge over a period of 30 years. This is because eucalyptus has a deep 
rooting system which can penetrate right to the water table and cause evapotranspiration. The 
eucalyptus tree consumes water voraciously, leaving none for other plants. It is for this reason 
that it has been described as an environmental terrorist. The cutting down of eucalyptus along 
water courses in many parts of the western highlands has resulted in the revival of regular 
flow of streams. 

Another factor affecting water is urbanization. The increased concentration of houses and 
paved surfaces in urban centers, such as Bamenda, Kumbo and Nkambe in the Western 
highlands, Ngaoundere, Banyo and Meiganga in the Adamawa, and Mokolo on the Mandara 
mountains, has contributed to the canalization of water into well defined channels. This has 
reduced the recharging ability of groundwater, especially with the onset of the early rains, 
resulting in pronounced seasonality in the flow regimes of rivers. 

 

6.3 Influence of dams 

In Cameroon, dams have been constructed for various reasons. Where rainfall is variable and 
unreliable, they are constructed not only for generating hydro-electric power but also for 
irrigation. Though a few dams are found to the south of the Adamawa high plateau, such as 
the Mbakaou, Mape and Bamendjim, many are to the north of the Adamawa, an area of 
scanty rainfall with greater rainfall variability and unreliability. In the Far North Province, for 
example, the mean annual rainfall hardly goes above 600mm and it varies a great deal from 
year to year, so that large-scale agriculture cannot be carried out without irrigation. Besides 
irrigation, some dams have been constructed to provide drinking water. The Lagdo dam on 
the river Benue is the only classical multipurpose dam in Cameroon. It has a capacity of 
84mw. 

Because dams modify the flow of rivers, they are an important trigger of environmental 
change. This change could be climatic, hydrological or ecological. From the hydrological 
viewpoint, rivers such as the Logone, Benue, Mayo Oulo and other smaller streams in the 
northern region have been significantly modified by dams. The huge Maga dam on the 
Logone, together with substantial groundwater abstraction, has diverted enormous quantities 
of water from Lake Chad. It is important to note that this drop in the Lake’s level has been 
caused not only by deterioration in the climate but also by dams and groundwater abstraction.  

 

7. Relationship between rainfall and agr iculture 

Climate plays a prominent role in agriculture because it affects, favorably or adversely, the 
atmospheric conditions of a region, the soil’s moisture content and fertility, and the 
vegetation. Significant climate change could lead to a significant water deficit and increased 
evapotranspiration, particularly in the dry Sudano-Sahelian zone of northern Cameroon. The 
effectiveness of rainfall for crop cultivation is a function of the temperature values which 
affect evaporation and transpiration.  

A good knowledge of the spatial and temporal distribution of the rains is necessary for 
planning on both rainfed and irrigated farms. This knowledge determines the agrarian system 
of a region. Short cycle (seasonal) plants are cultivated in areas with a long dry season. It is 
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particularly important to analyze rainfall for the arid areas. Even if there is sufficient rain its 
irregularity can affect yields adversely because rain may fail to arrive during the crop’s 
growing stage. The final state of the crop depends on the soil water budget and the state of 
sensitivity of the plants, so the dates of the beginning and the end of the rains are important.  

The rainfall that reaches the soil is not all used because it depends on the timing, intensity and 
volume of the rains and the nature of the soil. This observation has led researchers to 
introduce the notion of effective rainfall. Effective rainfall is defined as the proportion of rain 
that is effectively intercepted by the crop and/or stored in the soil layers to be used by the 
crop. The importance of rainfall to agriculture is made clear through the soil-plant-
atmosphere continuum – a water transfer chain in which the parts are interdependent. The 
place of water in the soil-plant-atmosphere continuum is primary in the life cycle of plants.  

For the Benue and Chad basins of Cameroon (the fragile river basins) an increase in 
temperature resulting in an increase in evapotranspiration would put much pressure on the 
rather poor and scarce water resources, especially in the north. The area from 8oN to 13oN 
remains a marginal precipitation zone of Cameroon. This scenario could cause a continuous 
fall in the water table (Figure 6), leading to a greater demand for water for both agriculture 
and domestic use. A slight climatic change could lead to increasingly frequent droughts, 
which could swell the number of environmental refugees. 

Much of the Far North Region extends north of latitude 10oN to Lake Chad. Its four 
geomorphological units are the Logone Chari delta, the Yaéres (alluvial plains), the Diamare 
plains and the Mandara highlands. Here, the shortage of water and the increasing aridity 
northwards is remarkable. The combined effect of decreasing annual rainfall with increasing 
distance northwards and the effects of seasonal variations in the timing of the rains leads to a 
decrease in agricultural production. The low crop yield, for example, for the 1971–73 period 
was principally attributed to the insufficient rainfall received at the critical periods for crop 
growth. Table 3 shows the water resource base and Table 4 lists some efforts being made to 
deal with water problems. 

During droughts, the abstraction of water for agricultural purposes leads to a greater drop in 
the water table (Figure 7). Increased temperatures reduce surface runoff, increase the rate of 
evapotranspiration and reduce the amount of water available in the soil in the form of soil 
moisture. Higher temperatures could lead to increased soil moisture deficits, making it 
impossible to cultivate the more water-loving crops and thus necessitating the building of 
more earth or concrete dams such as the Lagdo and the Maga Dams to provide irrigation. 
These dams were built partly in response to the need for irrigation when there is insufficient 
water for rainfed agriculture.  

Even under the present climatic conditions, there is a pronounced dry season which persists 
long enough that most soils are dry for at least three months. Until the onset of the next rainy 
season, the dry fields lie idle. Hence land management efforts and water resource use should 
be directed towards water conservation which could increase the cultivable areas. Figure 6 
shows the water balance for a well-drained soil around Maroua. From July to October, the 
available moisture in the soil exceeds potential evapotranspiration (PET). For the rest of the 
year, the PET is higher than the amount of soil moisture available. So plant growth is 
restricted because of water deficits. 
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8. Significance of climate change 

Cameroon is essentially an agricultural economy since approximately 73% of its active 
population is employed in the agricultural sector. The diversity of ecological zones in 
Cameroon affects agricultural output in two ways. In the well watered southern regions, 
agricultural production flourishes. But in the progressively dry and arid north where 
evapotranspiration is high, agricultural output is adversely affected. Farming in the Sudano-
Sahelian zone of Cameroon largely depends on the amount of rainfall received.  

Ecologically, the north is the most fragile zone in Cameroon, with a Sahelian climate and 
vegetation in the Far North Province. Barren soils constitute some 25–30% of the surface 
area of this province. Erosion is a dangerous threat to agriculture in this northern part of 
Cameroon. Consequently, agricultural production is vulnerable to climatic variability. 

Problems with crop cultivation, livestock, wildlife and fuelwood are very pronounced in this 
part. Agriculture is expanding as more land is being brought into farming; cattle rearing or 
livestock production is damaging crop cultivation. Worse still, most of Cameroon’s natural 
parks and wildlife sanctuaries are located in the north, a marginal precipitation zone. The 
gathering of fuelwood, annual bush fires and the high population growth rate all contribute to 
deprive this fragile environment of the vegetation cover it needs. This high demand makes 
the northern part of Cameroon a potential catastrophe zone for agriculture. The agricultural 
agenda and capacity to grow enough food for households depends on climatic stability. Any 
change in the weather conditions could have negative impacts on crop yields and farm 
outputs.  

A change in climate would imply some slight alteration of the agro-ecological zones. Such a 
shift would call for a change in the types of crops cultivated, towards grain crops or cereals 
which require less rainfall and have a short growing season. This could mean that maize 
yields will dwindle in favor of sorghum and millets which are hardy plants with relatively 
low water requirements. The dry season sorghum in this case will be much favored. 

The annual rainfall minimums for the various crops in this northern zone of the country have 
been established. These rainfall crop minima are 700– 800mm for cotton, 500–700mm for 
groundnuts, 500mm for sorghum and 250mm for millet. The reliance on rainfed agriculture 
would have to give way to more irrigation. In order to maintain crop yield levels, the agrarian 
communities of North Cameroon would cultivate more land under dryland condition than 
would be the case under a wetland situation. This sort of extensive cultivation would only 
further expose an already ecologically fragile zone to the caprices of climatic conditions.  

 

8.1 Climatic change 

One of the most important aspects of the evolution of the earth has been changes in its 
climatic conditions. On whole, wetter periods have been succeeded by drier periods and cold 
periods by hot ones. The oscillations in higher latitudes have been between glacial and 
interglacial periods. In the lower latitudes, such climatic alternations have been between 
pluvial and interpluvial periods (Peel 1966). Even within the history of human existence, 
considerable variations in climatic conditions have occurred in the last few thousand years. 
Current trends in climate change scenarios reveal that global temperatures are on the increase. 
Though this trend might have started since the last small ice age, its magnitude has increased 
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within the last century, a situation reflecting the generation of greenhouse gases through 
manufacturing and deforestation, all triggered by the struggle to meet the needs of the rapidly 
increasing population. In the drier areas of the lower latitudes, long-term changes in 
temperature have been associated with increasing variability and unreliability of rainfall. 
Whatever the time scale, it is important to note that changes over time in the earth-
atmosphere interaction are at the background of climate change. 

 

8.2 Causes of climatic variation and climatic change in North Cameroon 

Climatic variation means short-term and micro-scale scenarios involving fluctuations in 
rainfall pattern over a few decades or centuries. In contrast, climatic change involves a much 
longer time scale over a much wider area and possibly a change in the pattern of the general 
circulation of the atmosphere (Ayoade 1988). Both scenarios have taken place in North 
Cameroon. Here, climatic variation takes the form of increased frequency of droughts and 
floods, while climatic change takes the form of increasing aridification, as evidenced by the 
reduction in the size of Lake Chad and the advancing desert conditions. 

 

8.3 Major changes since the Holocene 

This time frame within the context of climate change in Africa is described as the Lacustrine 
period. Changes within this period affected the Sudanian zone, including Lake Chad. General 
observation revealed that sub-humid or semi-arid intertropical Africa experienced a drier 
climate from 20,000 to 15,000 years ago, followed by a wetter period from 12,000 to 7000 
BP, and after this period temperatures appear to have exceeded those of the present day by 
1oC to 2oC. This period seems to have coincided with that of the largest areal coverage of 
Lake Chad. It is said that the shores of the Mega Chad extended as far as Maroua. However, 
since then the area of Lake Chad has been decreasing. These changes have largely been tied 
to global circulation. On the whole, theories of climatic change revolve around the state of 
balance between i) the amount of energy received by the climatic system from the sun, ii) the 
manner in which this energy is distributed and absorbed over the earth’s surface, and iii) the 
nature of the interaction processes between the various components of the climate system. 
The state of balance between these components makes up what is called the climate system 
(Figure 8). 

 

9. Climate var iations (rainfall and temperatures) 

9.1 Rainfall patterns 

A greater part of the northern region of Cameroon lies within the Sudano-Sahelian zone of 
Africa. This zone has been subject to many fluctuations in rainfall regimes over time (as 
shown by Figure 9 for Dryland Management). Dry periods have been preceded by wetter 
periods and vice versa. Thus, there has been a succession of droughts and floods in the 
northern part of Cameroon with an increasing frequency over time. Major droughts occurred 
in West Africa in the last century and some of these were in 1913–1914, 1972–1974, 1982–
1983 and 1997–1998. Although the frequent droughts are often punctuated by heavy rains 
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and floods, observations have shown that the general trend is towards falling mean annual 
rainfall totals over time. 

These years of drought have often coincided with those of the occurrence of the El Niño. This 
phenomenon weakens the south-west winds (Thompson 1998) and as a result delays the 
retreat of the ITCZ from the southern hemisphere. This situation increases the length of the 
dry season. The frequency of drought has been increasing because of the multiplication of El 
Niño episodes which is linked to the increasing concentration of greenhouse gases. This has 
equally altered the atmospheric energy balance. 

Whereas the El Niño episodes may be the origin of most droughts, it is important to note that 
the severity of the problem is directly linked to the extent of environmental degradation. The 
northern part of Cameroon is a climatically marginal area where human intervention through 
grazing and bush fires has been quite glaring. These activities have deforested the land, 
leaving the surface bare and consequently altering the surface albedo. This situation is 
accompanied by reduced absorption of solar energy, increase surface cooling, and reduced 
emission of energy into the atmosphere. As a result, there is a reduction in the upward 
transfer of moisture through evaporation. This weakens cloud formation and rainfall (Money 
1988).  

A number of flood episodes have equally occurred in the northern part of Cameroon, 
particularly the northern lowlands. Floods in this part of the country normally occur during 
the peak period of rainfall of August–September. During this time, the humid monsoon enters 
the African continent and moves through the Sahel zone. Much of the moisture it is carrying 
is deposited across this semi-arid zone. The northern lowlands of the country have always 
been affected by floods and some of the recent episodes are those of 1988 and 1999. The 
floods of 1988 were quite spectacular, with considerable damage caused to houses and 
farmlands along the course of the River Logone as well as loss of cattle and sheep. In the 
1999 floods, the Maga dam on the Logone almost gave way. 

These floods have always been preceded by a period of drought. This is a clear indication that 
the flood periods coincide with that of La Niña, marked by heavy rains. The 1988 flood in the 
north was preceded by a long predominantly dry period from 1981–1987. In the 1988 flood in 
Kousseri, 365mm of rain fell on 22 August alone. However, the extent of the damage was the 
direct effect of poor housing structures made mainly of mud, and the construction of houses 
in poorly drained areas. 

Despite these fluctuations between floods and droughts, climatic data show that the rainfall 
over the years has been on the decline. Ayonghe (2001), using trend line computation, found 
that the mean total number of rainy days for the years 1940 and 1995 decreased from 82.1 to 
75.4 for Garoua and from 72.8 to 70.1 for Maroua. However, for the Adamawa it has been 
the reverse, as the Banyo and Ngaoundere stations showed an increase from 138.4 to 174.8 
and from 145.9 to148.8 respectively (Table 5). This trend, as discussed earlier, is related to 
environmental degradation resulting from overstocking, bush fires for pasture regeneration 
and the advance of the desert towards the more humid lands. 
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9.2 Temperature trends 

The Intergovernmental Panel on Climate Change (IPCC) reported that the global climate was 
changing because of an increase in gaseous emissions caused by the burning of fossil fuels 
and deforestation. This has increased the greenhouse effect by an amount that is equivalent to 
50% of that caused by pre-industrial concentrations of carbon dioxide in the atmosphere. The 
IPCC (1992) estimates show that global surface temperature increase could be between 1.5oC 
and 4.5oC by 2010 and 2050 respectively.  

Temperatures over Cameroon have been on the increase since 1930 (Ayonghe 2001). The net 
rate of increase has been 0.95oc between 1930 and 1995 (Figure 10). This increase certainly 
falls in line with the global trend which is linked to the modification of atmospheric 
composition with the build up of greenhouse gases. In Cameroon, CO2 is likely to have built 
up in the atmosphere because of large scale deforestation. This build-up has been caused in 
two ways: by bush fires supplying CO2 to the atmosphere, and by the loss of forest, which 
means the loss of a major carbon sink. 

One of the significant effects of the increase in global temperatures has been the decline in 
mean annual rainfall. This is so because increase in temperature has enhanced potential 
evapotranspiration, marked by the desiccation of the land surface and reduced actual 
evapotranspiration (Figure 10). 

 

9.4 Possible impact on climatic regimes 

The observed trends in both rainfall and temperatures are expected to continue. The mean 
number of days of rainfall for Garoua is expected to drop to 67.4 and Maroua 66.9 by the 
year 2060. Temperatures could increase from 1.8oC to 0.91oC. This increase is approximately 
2oC. That is why our climatic projection for 2060 has assumed a 2oC temperature increase 
and a consequent southwards shift of climate belts (Figures 11 and 12). Assuming a 2oC 
increase in global temperatures, the values of the isotherm would go up northward (Figure 
13). The mean annual temperature for the Adamawa plateau would increase from about 23oC 
to 25oC and the plateau would be encircled by the 26oC isotherm. The temperatures around 
Garoua on the Benue basin would rise to about 30oC from the current approximately 28oC. 
The Mandara mountains in the Far North would be encircled by the 29oC isotherm, while 
much further north, towards Kousseri, the mean annual temperatures would be getting closer 
to 32oC. Overall therefore, the Benue basin and the Diamaré plains would become much 
hotter.  

In contrast to these isothermic values, the values for the isohyets would reduce northward. 
This is an indication that a rise in temperature has been followed by a reduction in rainfall. 
Studies carried out by Beauvilain (1985) show that isohyets shifted southward by a distance 
of about 100km between 1973 and 1983 (Figure 14). The future scenario would be a an 
almost completely arid climate in the Far North, with a mean annual rainfall ranging from 
125 to 250mm, while in the Benue basin and on the Adamawa the mean annual rainfall 
amount would have dropped significantly.  

These developments would certainly alter the spatial distribution of the various climatic 
conditions, with the length of the dry season increasing further north, while the three-month 
rainy season common in the Far North would shift downward to the Benue basin. Thus, the 
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Far North would be dominated by purely arid or desert climate and the Benue basin of the 
north and the Adamawa by a Sudano-Sahelian climate (Figures 15a and b). 

 

10. Potential impact of climate change on hydrological processes 

The shifting of the climatic belts southward is likely to affect hydrological processes such as 
evapotranspiration, runoff, infiltration, percolation and groundwater flow. An increase in 
temperatures is likely to raise the rate of potential evapotranspiration but much reduce actual 
evapotranspiration. This may lead to a drop in the amount of rainfall, with a corresponding 
reduction in runoff. A 2oC decrease in temperature would result in a 21% decrease in the 
annual runoff. Rivers such as Mayo Tsanaga and Mayo Sara would cease to flow altogether. 
This would lead to a reduction in the volume of runoff in the River Benue together with the 
Logone flowing into Lake Chad. This would be accompanied by a corresponding fall in the 
level of Lake Chad, which is likely to become almost non-existent by 2060, having been 
deprived of water by the drying up of feeder streams. Equally, the headwaters of the Benue, 
such as the Faro, Mayo Deo, Mayo Nial Mayo Farda and Mayo Godi and Mayo Rey, would 
have runoff characteristics similar to those existing in the northern lowlands today. There 
would also be a substantial reduction in the soil moisture and groundwater storage because of 
reduced infiltration and percolation. The groundwater recharge ability would decrease 
significantly because of the increase in the length of the dry season. However, the extent of 
the decrease would depend on the soil type and the underlying geology. 

 

11. Conclusion: Climate change and water  resources 

It is obvious that by affecting the hydrological processes climate change would also affect 
water resources. This is so because of the effect of climate change on the quantity of water 
available as well as the timing of when water is available for use. All this would in turn affect 
agriculture, hydro-electric power, manufacturing and urban development (Hayward & 
Oguntoyinbo 1987). In the context of North Cameroon, the water resources will be 
considered from the point of view of their availability in terms of space and time, their 
utilization, and problems associated with a lack or an excess of water. 

The future scenario for the hydrological processes described suggests that the quantity of 
water available will decrease significantly because of the shifting of drier climatic belts 
southward, with the associated increasing variability in the rainfall pattern. Such a situation 
would reduce the discharge of the river Benue because of the increasing aridification of the 
landscape. This reduction would in turn reduce the river’s ability to generate hydro-electric 
power, leading to a decline in agricultural and industrial activities in North Cameroon 
because this region depends on the Lagdo dam for its energy. 

Since much of the catchment area of the Sanaga river is in the Adamawa, the decrease in the 
mean annual rainfall over this highland will lead to a corresponding decrease in the discharge 
of the Sanaga. This could affect economic activity, especially manufacturing in the industrial 
zones of southern Cameroon. The current fluctuations in the flow of the Sanaga, with the 
attendant electricity rationing policy, would be intensified.  
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The overall decrease in the quantity of the water would exacerbate the current water supply 
crisis in many rural areas of the north. The increasing length of time for the recharge of 
groundwater because of the prolonged dry season could cause a drop in the water table and a 
drying up of some of the wells which constitute the main source of water for the majority of 
the people in the rural areas of the north. Springs on which people depend would also dry up. 

The quality of water in most areas in the north will also be affected. As flows reduce, there is 
less dilution of effluents (Whitehead 1997). Also, increase in temperatures together with 
increase dryness is likely to result in net capillary movement and the salinization of both 
water and soils. The future scenario will therefore be marked by an increase in the demand 
for water as climatic conditions get drier. Population increase and land use change, especially 
in major catchment areas such as the Mandara and the Adamawa highlands, could further 
aggravate the situation.  
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Table 1: Rainfall var iability from 1934 to 1984  

Lowest rainfall Highest rainfall Var iability  
Location 

Year  Amount (mm) Year  Amount (mm) % 

Guider 1946 682.6 1982 1181.0 73.0 

Lam 1967 615.6 1978 1280.3 108.0 

Maroua 1944 548.1 1981 1032.0 88.3 

Mora 1941 390.0 1938 1117.0 186.4 

Waza 1969 381.9 1970 879.3 130.2 

Kaele 1945 380.3 1955 1162.9 195.1 

Doukoula 1983 558.2 1953 1261.7 126.0 

Bago 1984 400.6 1975 933.6 133.0 

Yagoua 1934 480.9 1953 1213.5 152.3 

Source: Beauvilain (1985) 
 
 

 

Table 2: Annual rainfall distr ibution (mm) 

Amount of rainfall (mm)  

Location 

Days 
of 
rain 

J F M A M J J A S O N D Total 

Mokolo ? 0 0 0 6 13 93 300 274 75 39 0 0 800 

Mora 69 0 0 0 13 47 39 356 130 91 15 0 0 691 

Maroua 74 0 0 0 22 102 45 124 332 133 74 0 0 832 

Waza 60 0 0 0 42 92 57 156 194 64 0 0 0 605 

Yagoua 57 0 0 0 26 57 216 253 296 126 14 0 0 988 

Douroum 62 0 0 0 31 41 178 207 336 203 11 0 0 1007 

Guider 57 0 0 0 10 47 80 423 225 185 51 0 0 1021 

 

 
 
Table 3: Water  discharge of some major  r ivers 

Rivers Discharge 
mean (M3/s) 

Discharge peak 
(M3/s) 

Low water  
discharge (M3/s) 

Benoue Garoua 386 6130 1 

Mayo Kebi Kossi 100 1184 0 

Lagone (Lai) 551 2740 50 
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Table 4: Effor ts in solving the water  problem of Nor th Cameroon 

Dam Character istics River Utility 

Mbakaou 
Dam 

About 2 billion m3 

Reservoir Dam 

Djerem Regulation of the debit of R 
Sanaga. Fishing.  

Lagdo 
Dam 

7–8 billion m3, 70km long, about 
700km2. 

Benue Electricity-84MW, irrigation 
and agro-industrial projects, 
Fishing. 

Yagoua 
Dam 

4 electric pumps Logone Irrigation for SEMRY Phase 
11, 5000–6000ha. 

Maga 
Reservoir  

36,000–40,000 ha, 500 million m3, 
about 18km long  

Logone Irrigation for SEMRY Phase 
11, 6000–7000ha 

Chiddifi 
Dam 

Series of small dams Mayo Oulo Potable water 

Mokolo 
Dam 

Hydrologic action Small streams Potable water from Mokolo 
Town 

The 
Mandara 
Reservoirs 

More than 12 small dam projects 
already realized or under construction 
through the Cameroon-American 
Cooperation 

Small streams Potable water, irrigation etc. 

 
 
 
Table 5: Mean total number  of rainy days computed from trend lines 

Stations 1940 1960 1980 1995 2030 2060 

Garoua 82.1 79.7 77.2 75.4 71.1 67.4 

Ngaoundere 145.9 146.8 147.7 148.4 150.0 151.3 

Mamfe 248.4 222.4 196.5 177.0 131.5 92.6 

Bamenda 213.5 204.3 195.0 188.0 171.8 157.9 

Banyo 138.4 151.6 164.9 174.8 198.0 217.8 

Maroua 72.8 71.8 70.8 70.1 68.4 66.9 

Douala 142.8 229.6 216.3 206.4 183.3 163.4 

Kribi 209.0 205.1 201.1 198.2 191.3 185.4 

Yaounde 148.9 149.1 150.5 151.2 152.9 154.3 

Ebolowa 156.4 163.8 171.2 176.8 189.7 200.9 

Bertoua 123.1 127.4 131.8 135.0 142.6 149.1 

Mean 161.9 159.1 156.6 154.7 150.0 146.1 
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Figure 1: Vegetation and agro-ecological zones of Cameroon 
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Figure 2: The relief and drainage of Cameroon 
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Figure 3: Climate and climatic regions of Cameroon 
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Figure 4: Climatic histograms for  some stations in Cameroon 
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Figure 5a: Main drainage basins in Cameroon 
 

 
 
 

Figure 5b: The Lake Chad and Benue basins 
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Figure 6: Depth of the regional phreatic water  table in the Chad basin lowland 
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Figure 7: Climate change, water  resources and population welfare in Yagoua 

       CLIMATE CHANGE: 
   INCREASED TEMPERATURES 

     DROP IN THE TOTAL AMOUNT 
        OF RAINFALL 

    FALL  IN WATER RESOURCES 
  (SURFACE AND UNDERGROUND) 

    DROP IN AGRICULTURAL 
      PRODUCTIVITY 

                DROP  IN  GDP 

            DROP IN WELFARE OF  
                THE POPULATION 
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Figure 8: Global climatic system 
 
 
 
 
 

 
Source: National Research Council, Washington (1984), Folland, Parker & Palmer (1985) 
 
Figure 9: Rainfall in the Sahel from 1900 to 1980  
 



 33 

 

 
Source: See Ayonghe (2001) 

  
 
Figure 10: Graphs and regression lines of annual average temperatures, total amount of 
rainfall, and total number of days of rainfall in Douala (1940– 1995)  
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Source: After Ayonghe (2001) 
 
 
Figure 11: Histograms of temperatures, rainfall, and days of rainfall computed from 
equations of regression lines (1940–2060)  
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Figure 12: Contour  maps of average annual temperatures (oC) in 1990 and projected 
temperatures in 2030 
 
 

 

 

 

 

 

 

 

 

Source: See Ayonghe (2001) 

 

Figure 13: Contour  maps of total annual rainfall (mm) in 1961 and 1990 and projected 
rainfall in 2030  
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1970–1985 1972–1973 1983–1984 

Source: Beauvilain (1985) 

 

Figure 14: A southward shift of rainfall belts for  Nor th Cameroon from 1970 to 1985  
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Figure 15a: Present average annual air  
temperatures for  Nor th Cameroon 

Figure 15b: Projected average annual 
air  temperatures by 2060 for  Nor th 
Cameroon 

 

 
 
 
 


